The leukocyte adhesion molecules CD11a/CD18, CD11b/ CD18, and CD11c/CD18 (Leu-CAM) are members of the integrin receptor family and mediate crucial adhesion-dependent functions in leukocytes. The molecular basis for their deficient cell surface expression was sought in a patient suffering from severe and recurrent bacterial infections. Previous studies revealed that impaired cell surface expression of Leu-CAM is secondary to heterogeneous structural defects in the common ft subunit (CD18). Cloning and sequencing of complementary DNA encoding for CD18 in this patient revealed two mutant alleles, each representing a point mutation in the coding region of CD18 and resulting in an amino acid substitution. Each mutant allele results in impaired CD18 expression on the cell surface membrane of transfected COS M6 cells. One substitution involves an arginine residue (Arg5" -cysteine) that is conserved in the highly homologous fourth cysteine-rich repeats of other mammalian integrin subfamilies. The other substitution involves a lysine residue (Lys"' --threonine) located within another highly conserved region in integrins. These data identify crucial residues and regions necessary for normal cell surface expression of CD18 and possibly other integrin ft subunits and define a molecular basis for impaired cell surface expression of CD18 in this patient. (J. Clin. Invest. 1990. 85:977-981.) leukocyte adhesion molecules * integrins -inflammatory response * molecular cloning -genetics
Introduction
Leukocyte adhesion molecule (Leu-CAM)' deficiency is a rare inherited disorder of leukocytes characterized clinically by recurrent and often fatal bacterial infections occurring in infants and children (1) . Leukocytes from affected individuals have Parts of this work were presented at the annual meeting of the American Society for Cell Biology, 29 January-2 February, 1989. either a complete (type I) or partial (type II) deficiency in surface membrane expression of a family ofthree glycoprotein heterodimers that mediate leukocyte adhesion-dependent functions such as phagocytosis, chemotaxis, aggregation, adhesion to vascular endothelium, binding to iC3b-coated particles, lymphoid cell proliferation, and cytotoxicity (1-7). The three Leu-CAM, CD I I a/CD 1 8 (LFA-1), CD I I b/CD 18 (Mo 1), and CD1 lc/CD1 8 (p150.95) each consists of a distinct a subunit of 177, 155, and 130-150 kD, respectively, noncovalently associated with an identical (3 subunit (CD1 8) of 94 kD (8, 9) . Biosynthesis studies in patients with Leu-CAM deficiency revealed that the a subunits are intrinsically normal and that defective cell surface expression of Leu-CAM is secondary to heterogeneous defects in the common CD 18 subunit (10) (11) (12) .
Molecular cloning studies revealed that Leu-CAM are members of a large family of adhesion receptors called integrins (13) . At least three subfamilies of integrins were described, each with a unique common (3 subunit associated with several a subunits (13) (14) (15) (16) (17) . The (31 subfamily inciudes the fibronectin receptor and the very late activation antigens. The (32 integrin subfamily consists of the three Leu-CAM and the (33 subfamily includes the vitronectin receptor and platelet Ilb/IIla. The (31 and (33 integrins have wide cell distribution, recognize the tripeptide arg-gly-asp, and are involved in cellsubstrate adhesion, matrix assembly, wound healing, and morphogenesis (1, (13) (14) (15) . Integrins share several common features such as the heterodimeric structure, homologous a and (3 subunits, requirement for divalent cations for a(3-complex stabilization and function, and interaction with cytoskeleton and with several ligands, but the structure-function relationship of several conserved domains within their a and (3 subunits is unclear.
In this report, we identified two mutant alleles in CD18 derived from a patient with partial (type II) Leu-CAM deficiency. Each mutant allele resulted in a single amino acid substitution (mutation A, lys'96 -* thr; mutation B, arg593 3 cys) in the extracellular region of CD1 8 and in impaired cell surface expression of CD1 8 in COS M6 cells. Mutation B occurred in a characteristic and highly conserved cysteine-rich region and mutation A occurred within a second highly conserved 247 amino-acid region, suggesting critical roles for these residues and regions in the cell surface expression ofCD 18 and possibly that of other (3 integrins . Methods underwent carbohydrate processing and cell surface expression (10) . Leukocytes from this patient contained normal amounts of a normalsized CD1 8 mRNA by Northern blot analysis (10) .
Construction and screening of patient-derived cDNA library. 
Results and Discussion
Screening of 8 X I05 colonies from a patient-derived cDNA library with a 32P-labeled 2.7-kb CDl8 cDNA probe led to isolation of 28 reactive colonies which stratified into four groups by restriction mapping. The insert size ranged from 0.4 to 2.0 kb. Nucleotide sequencing of one or more inserts within each group led to the identification of three point mutations (Fig. 1) (10) . In order to determine the relevance of the observed mutations to the abnormal expression of CD18 in patient's leukocytes, wild-type and mutagenized CD18 cDNA encoding the full-length amino acid sequence of CD 18 were constructed, inserted into irH3M expression vector, and transiently expressed in COS M6 monkey kidney cells (Fig. 2) . Cotransfection of COS cells with the wild-type CD 18 and CDl lb cDNA resulted in expression of CD1 8 on the cell surface (Fig. 2 A) . COS cells cotransfected with CDl lb and mutagenized CD18 cDNA (encoding for either mutant A or mutant B) expressed, respectively, 66 and 20% ofthe wild-type levels ofCD1 8 on the cell surface (Fig. 2 B) . These results were confirmed by cytofluorometric analysis of transfected cells as well as by use of a second anti-CD 18 mAb, 60.3 (legend, Fig. 2 B) , suggesting that the differences in surface fluorescence are due to reduced surface expression rather than to decreased binding of mAbs to mutagenized CD1 8. Impaired surface expression with either mutation was also not due to differences in the amount or size of CD18 precursor synthesized (Fig. 2 C) . When cell surface expression of CD1 8 on EBV-transformed B cell lines derived from the patient, his heterozygous parents (4) and a normal individual was determined by a radioimmunoassay, CD 18 cell surface expression was 15, 70, and 53% of normal, respectively (Fig. 2 D) . These data suggested that the patient is a compound heterozygote with CD 18 alleles carrying either the threonine or cysteine substitutions inherited, respectively, from the patient's father and mother. Conclusive evidence supporting these findings was independently derived by oligonucleotide hybridization of the PCR-amplified respective regions of CD1 8 cDNA in the patient's mother. Mother-derived CD 18 cDNA selectively hybridized with 0-138 (containing mutant B) but not with 0-351t (containing mutant A) (data not shown). The present data also offer an explanation for the partial nature of Leu-CAM deficiency in this patient.
The three ( subunits ((31, (32, and (3) of mammalian integrins and the ( subunit of Drosophila position-specific antigen are structurally related (14-17, 28, 29) . One striking feature of the extracellular portion of these (3 subunits is a cysteine-rich region consisting of four tandem repeats of an eight cysteinemotif that has no known function. The Arg593 --Cys mutation in (32 integrin (mutation B) occurs within the fourth cysteinemotif and involves a conserved arginine residue (Fig. 3) . This is the first direct demonstration of a critical role for this region in surface membrane expression of the common # subunit of (32 integrins and possibly those of (31 and (33 integrins as well. The ( subunits also have a 247-amino acid region with several highly conserved segments (62-87.5% identity among the ,B subunits) (29, Fig. 3 ). In the #3 subunit, this region contains an arg-gly-asp binding site (30, 31) , suggesting a role for this domain in ligand binding. The Lys'96 -* Thr mutation (mutation A) occurs within this conserved region (Fig. 3) , suggesting that it plays an additional role in normal surface membrane expression of the (3 finding that a 30-amino acid deletion in the COOH-terminal portion of this region (involving residues 332-361) also impairs cell surface expression of (32 integrins (32).
